Diagnostic delay is common in most respiratory diseases, particularly in bronchiectasis. However, sex bias in diagnostic delay has not been studied to date. Objective: Assessment of diagnostic delay in bronchiectasis by sex. Methods: The Spanish Historical Registry of Bronchiectasis recruited adults diagnosed with bronchiectasis from 2002 to 2011 in 36 centres in Spain. From a total of 2113 patients registered we studied 2099, of whom 1125 (53.6%) were women. Results: No differences were found for sex or age (61.0 + 20.6, p ¼ 0.88) or for localization of bronchiectasis (p ¼ 0.31). Bronchiectasis of unknown aetiology and secondary to asthma, childhood infections and tuberculosis was more common in women (all ps < 0.05). More men than women were chronic obstructive pulmonary disease-related bronchiectasis and colonized by Haemophilus influenzae (p < 0.001 for both). Onset of symptoms was earlier in women. The diagnostic delay for women with bronchiectasis was 2.1 years more than for men (p ¼ 0.001). Discussion: We recorded a substantial delay in the diagnosis of bronchiectasis. This delay was significantly longer in women than in men (>2 years). Independent factors associated with this sex bias were age at onset of symptoms, smoking history, daily expectoration and reduced lung function.
Introduction
Bronchiectasis is a condition involving irreversible dilation of the bronchi and bronchioles as a consequence of the destruction of the elastic and muscular component of the bronchial wall. Bronchiectasis can be the outcome of many disorders that harm bronchial defence mechanisms and produce damage including alteration/imbalance in the mucociliary system, retention of secretions, and bacterial colonization. Bronchial colonization, in turn, results in release of inflammatory mediators that worsen ciliary motility and cause recurrent infections, thus closing the vicious circle that perpetuates the disease and leads to tissue damage. 1 Data on the prevalence of bronchiectasis in the general population are scanty, with estimates varying from 25 to 272 cases per 100,000 individuals. Most of this variability is likely explained by age. [2] [3] [4] [5] However, prevalence is often underestimated for various reasons: the difficulty in differentiating between bronchiectasis and other chronic respiratory diseases, the fact that symptoms are progressive and unspecific during the early stages of the condition (bronchiectasis is clinically evident when the disease is exacerbated or very severe 6 ), unawareness of the term bronchiectasis among the general population, and the absence/limitations of imaging studies in patients with chronic respiratory diseases. These factors often lead to delays in diagnosis.
Chronic conditions increase in number as the population ages. Moreover, the availability of HRCT has facilitated diagnosis. Therefore, the prevalence of bronchiectasis is expected to rise considerably in the future.
Diagnostic delay, or the time between onset of symptoms and clinical diagnosis, is common in many chronic diseases and particularly in respiratory conditions. Epidemiological studies in chronic obstructive pulmonary disease (COPD) have illustrated the high rate of underdiagnosis in mild to severe stages 7 ; these findings led to strategies targeting an earlier diagnosis to minimize the social and healthcare impact of COPD. 8 The only study on diagnostic delay in bronchiectasis to date concluded that the delay could be as long as 17 years. 9 Despite the relevance of this delay, contributing factors have not been reported.
Sex bias occurs when, for whatever reason and in equal diagnostic opportunities, one of the sexes is systematically belatedly diagnosed with a medical event in comparison with the other one. Sex bias has been reported in the diagnosis of cystic fibrosis (CF) in the United States, with girls diagnosed 4 months later than boys. 10 No publications to date have analysed sex bias in adults diagnosed with bronchiectasis.
The aim of our study was to determine clinical differences in the diagnosis of bronchiectasis by sex in order to quantify diagnostic delay and to assess sex bias and its determinants.
Methods
The Spanish Historical Registry of Bronchiectasis is an anonymous multicentre prospective registry that gathered information from 2002 to 2011 in adults with bronchiectasis who were diagnosed based on the findings in HRCT, CT, bronchography or chest X-ray and clinical presentation. All the included patients diagnosed using X-ray had CF. The study population was recruited during a stable phase of the disease from 36 centres in 11 Spanish Autonomous Communities. When the registry opened in 2002, there was no requirement to request clinical consent for inclusion in the registry. However, all patients were informed that they would not be identified and would remain anonymous. Informed consent was explained orally and obtained from all participants who were identified and followed up from respiratory departments, not from primary care.
Recruiting physicians were instructed to follow standardized clinical and diagnostic recommendations for the inclusion of patients and collection of their data. These recommendations were later included in Spanish Society of Pulmonology and Thoracic Surgery's National Guidelines on Diagnosis and Treatment of Bronchiectasis, which were published in 2008 11 and mainly follow the British Thoracic Society guideline for non-CF bronchiectasis. 12 Aetiology was classified as post-infection (tuberculosis and childhood infections), bronchial obstruction, primary and secondary immune defect (human immunodeficiency infection, haematological diseases and transplants), mucociliary clearance disorders (CF, primary ciliary dyskinesia and Young syndrome), aspiration and inhalation injury, congenital and airway abnormality, allergic bronchopulmonary aspergillosis, associated with other diseases (connective tissue diseases, asthma, COPD and inflammatory bowel disease), and idiopathic.
The complete physical examination included calculation of the body mass index (BMI), spirometry to evaluate forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV 1 ) and radiography of the paranasal sinuses.
A microbiological analysis of sputum was performed at the first visit and then every 3-6 months depending on the symptoms to confirm chronic bronchial infection. Initially, Gram and auramine staining were conducted, and samples were subsequently cultured for mycobacteria and fungi in blood agar, MacConkey agar and chocolate agar as well as in other growth media. The patient was considered colonized when the same microorganism was isolated in three consecutive samples for a minimum of 1 month during a 6-month period.
Bronchiectasis was assessed using CT and classified depending on the location of the clinical presentation as follows: localized, bilateral (both lungs affected) and diffuse (!4 lobes affected, with the lingula considered to be a separate lobe); and prevailing type (cylindrical or cystic). Pulmonary function tests were performed close in time to CT imaging.
The diagnostic delay in years was calculated as the difference between the date of onset of symptoms and the date of diagnosis. Age at onset was divided into three groups: <20 years, 21-40 years, and >40 years. Onset of symptoms was defined as persistent production of mucopurulent sputum or at least one episode of haemoptysis. Data were analysed for the individual patient and by subgroups (with/without CF).
Statistical analysis
Dara were preprocessed in Microsoft Excel and then imported into R 3.2.3. As this is a multicentre registry, study variables were first filtered before ranges, outliers and errors were determined. After discussion, some patients were excluded because of major errors in one or more key variables, for example, pulmonary function. Once data were filtered, continuous variables were tested for normality using the Kolmogorov-Smirnov test in order to continue the analysis with either the usual parametric tests, such as analysis of variance and the t test, or the non-parametric tests. Quantitative variables were expressed as mean + standard deviation; qualitative variables were expressed as counts and percentage of the total. Qualitative variables were compared using the chi-square test.
Non-parametric tests were also used to analyse the variable diagnostic delay, namely, the Fligner-Killeen test for the analysis of the homogeneity of variances 13 and the Wilcoxon-Mann-Whitney test for the comparison of populations by gender.
A linear multivariate model was also included, with diagnostic delay as the dependent variable and demographic and clinical variables that were significant in the bivariate analysis as the independent variables. The threshold for selection of variables was established using the Akaike information criterion and a stepwise algorithm. A p < 0.05 was deemed statistically significant.
Results
Of the 2113 patients recruited (Figure 1 ), 14 were excluded because of errors during data collection.
Of the remaining 2099 patients (Figure 2 ), 1125 (53.6%) were women. There were no differences by sex in the following variables: age, bronchodilator test results, diagnostic test to determine bronchiectasis, location, haemoptysis, sinusitis, or chronic bronchial colonization with Pseudomonas aeruginosa (all p > 0.05; Table 1 ).
Men were more frequently smokers or smoked more (p < 0.001), weighed more (p ¼ 0.010), and expectorated yellow-green sputum more frequently than women do (p < 0.04). Women had better pulmonary function and oxygen saturation (SaO 2 ) than men did (p < 0.001). Hence, men expectorated darker sputum, experienced haemoptysis, had chronic bronchial colonization with Haemophilus influenzae, and died more frequently compared to women (18.6% vs. 10.2%, p < 0.001).
Bronchiectasis of unknown aetiology was the most common type in both sexes (Table 2 ) and more frequent in women (p < 0.001). It was also diagnosed as secondary to asthma (p ¼ 0.007), infections in childhood (p < 0.001), and tuberculosis (p ¼ 0.02). COPD and CF were more frequent in men (p < 0.001). No differences by sex were observed for treatment ( Table 3) .
The main analysis of diagnostic delay is presented in Table 4 . Onset of symptoms was earlier in women (32.2 vs. 34.9 years, p ¼ 0.015) and age at diagnosis was not significantly different between men and women (45.5 vs. 46.0, p ¼ 0.61). The diagnostic delay in women was 2.1 years more than in men (p ¼ 0.001). When individuals were analysed globally, with and without the subgroup of patients with CF, an effect of age on diagnostic delay was observed. Accordingly, women had a diagnostic delay of 5 years when onset was before age 20 years (21 vs. 16, p ¼ 0.001). This result was sustained when individuals with CF were excluded (22.2 vs. 25.7, p ¼ 0.03). On the contrary, diagnostic delay was 1.3 years longer in men than women when patients older than 40 years were taken into consideration. This result also held when CF was excluded (Table 4) . When the analysis was repeated after excluding 163 patients with COPD, the difference in diagnostic delay between men and women was also sustained (11.4 vs. 13.3 years, p ¼ 0.009).
Finally, analysis of the independent effect of various demographic and clinical variables on explaining diagnostic delay in bronchiectasis (Table 5) revealed that the 2.1-year delay in women was sustained and even increased to 4.5 years in the multivariate linear model. The variables confirmed as independent factors accounting for this association were higher BMI, lower FVC, smoking, characteristics of sputum and early age at onset of symptoms (all with p < 0.05).
Discussion
We present the first results from the study cohort of the Spanish Historical Registry of Bronchiectasis, which comprises more than 2000 patients, with emphasis on differences by sex. We conclude that there is a significant diagnostic delay in bronchiectasis of 12 years and that this is considerably higher in women (>2 years). The independent variables responsible for this sex bias were age at onset of symptoms, smoking, daily expectoration and poor pulmonary function.
The delay in diagnosing bronchiectasis in women was also related to COPD, perhaps because of differences in the presentation of symptoms (more dyspnoea in women and more expectoration in men) as well as a predisposition among physicians to think that COPD disproportionately affects men who were called earlier for spirometry.
14 The 4-month delay in diagnosing CF in girls compared with boys reported by Lai et al. 10 in a series of patients in the United States (1986-1998) was associated with more functional and nutritional deterioration and earlier acquisition of P. aeruginosa in females. Implementation of neonatal screening revealed earlier diagnosis of CF that improved nutritional development and growth and thus minimized deterioration of pulmonary function. This success enabled interventions to be implemented earlier, before further irreversible pulmonary damage. It also enabled more aggressive treatment to be started at the first isolation of P. aeruginosa and the microorganism to be eradicated, thus modifying the natural history of the disease and extending survival. 15 A recent 3-year (2006-2008) prospective study of 189 patients with bronchiectasis from the northeast of England revealed a diagnostic delay of 17 years for both idiopathic and non-idiopathic disease. 9 However, this analysis did not report differences by sex or examined related factors.
Any delay in diagnosis of bronchiectasis holds up initiation of treatment that might delay or prevent disease progression. King et al. 16 reported an average annual loss in FEV 1 of 50 ml more than in the general population of the same age and sex, which is similar to that observed in other respiratory conditions, such as COPD. However, not all studies have reported this loss. Factors associated with accelerated loss of pulmonary function include systemic inflammation and number of severe exacerbations. 17 However, the factor most likely associated with the loss of pulmonary function in bronchiectasis is colonization or chronic infection with P. aeruginosa, although no causal relationship has been established to date between these phenomena. Martínez-García et al. 18 observed that patients who were chronically colonized by P. aeruginosa presented a 124-ml annual loss of FEV 1 compared with only 30 ml in non-colonized patients. Therefore, it is important to eradicate this bacterium. 11, 12 Extrapolation of these data would indicate that a diagnostic delay of 2 years in women could produce a loss of up to 250 ml in FEV 1 in patients infected by P. aeruginosa, thus potentially leading to frequent exacerbations.
Kapur and Karadag 19 explored the differences and similarities in paediatric patients with non-CF bronchiectasis and found that many children, despite having symptoms during their first year of life, were not diagnosed until much later, thus accumulating a diagnostic delay of 4-8 years, which is similar to that found in countries with different socioeconomic levels and healthcare facilities. In our series, we also observed a longer diagnostic delay in women who experienced onset of symptoms before age 20 years. This delay decreased as respiratory symptoms subsequently appeared, probably because women could have minimized their symptoms, as they would have to endure bronchiectasis from an early age, and may not have sought healthcare or could have been misdiagnosed for years.
Other clinical data that influenced diagnostic delay were symptoms, mainly expectoration, smoking status, and poor pulmonary function. Daily expectoration and yellow-green sputum were more frequent in men, probably because more men smoked and expectoration by women is less socially and culturally tolerated. 20 Daily expectoration is a key symptom of bronchiectasis and an indicator of the diagnosis. 11, 12 Previous smoking and its consequences, such as lung cancer, oblige the clinician to request imaging studies earlier. Therefore, in this sense, men could again be diagnosed earlier than women.
8 Likewise, better pulmonary function in women might also influence diagnostic delay. The superior functional data in women (FVC, FEV 1 , FEV 1 /FVC and SaO 2 ) translated into a milder clinical presentation and less need to seek healthcare. However, this conclusion cannot be corroborated in the absence of quality-of-life questionnaires or number of medical visits, neither of which was available at the onset of this register. In addition, the fact that patients are often vague about the origin of their symptoms makes diagnosis challenging in the sense that it is difficult to define when and how symptoms become clinically significant.
Bronchiectasis complicates other respiratory diseases, increases hospital stay, requires costly treatments, deteriorates quality of life, and is associated with high health costs and substantial use of resources. 21, 22 Establishing an earlier diagnosis should enable initiation of treatment with reduced morbidity, fewer exacerbations, and delayed chronic bronchial colonization by P. aeruginosa. It should also reduce the cost burden of the disease. Symptoms should be recognized at the primary care level in order to refer the patient to a specialist as soon as possible and to start the path towards a differential diagnosis, since HRCT and other tests are more widely available nowadays.
Our study has both advantages and limitations. With more than 2000 cases of bronchiectasis, the sample size is sufficient for the main objective and for the sensitivity analysis. Furthermore, with a follow-up of over 10 years, it brings together a multicentre experience of 20,000 person-years. The internal quality control guaranteed the value and usefulness of the data set, making it amongst the largest available. As ours is a historical registry, it provides relevant information that will enable us to explore the natural history of bronchiectasis and compare our findings with those of subsequent series and series reported elsewhere. Our registry is limited by the fact that it was designed at the beginning of this century. Current practice requires HRCT or bronchography before inclusion in a bronchiectasis registry; hence, 3% of patients were diagnosed using thoracic radiography only. Likewise, follow-up variables that evaluate changes in the disease were not gathered prospectively. The same is true of data on exacerbations and hospitalizations, although mortality data were collected. Finally, baseline assessment of dyspnoea using the mMRC (modified Medical Research Council) or other scales limits the estimation of newly available multicomponent indices such as BSI (Bronchiectasis Severity Index) 23 or FACED, 24 although extrapolation of data can be explored.
Conclusions
This first analysis of the Spanish Historical Registry of Bronchiectasis enabled us to explore sex differences in diagnostic delay in bronchiectasis. We found a diagnostic delay of 12 years that was significantly higher in women (>2 years vs. men). Age at symptom onset, smoking habits, daily expectoration, and low pulmonary function were identified as independent explanatory factors of this sex bias and should be evaluated in depth, given the implications of a delay in diagnosing bronchiectasis.
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